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NASA has come a long way in our journey to reduce the risks of operating the Space 
Shuttle system. The External Tank bipod Thermal Protection System has been 
redesigned to eliminate the proximate cause of the Columbia accident. In all areas, we 
have applied the collective knowledge and capabilities of our Nation to comply with the 
Columbia Accident Investigation Board recommendations and to raise the bar beyond 
that. We have taken prudent technical action on potential threats to review and verify the 
material condition of all critical areas where failure could result in catastrophic loss of the 
crew and vehicle. We are satisfied that critical systems and elements should operate as 
intended — safely and reliably. While we will never eliminate all the risks from Our 
human space flight programs, we have eliminated those we can and reduced, controlled, 
and/or mitigated others. The remaining identified risks will be evaluated for acceptance. 
Our risk reduction approach has its roots in the system safety engineering hierarchy for 
hazard abatement long employed in aerospace systems engineering. The components of 
the hierarchy are, in order of precedence, to: design/redesign; eliminate the hazard/risk; 
reduce the hazard/risk; and control the hazard/risk and/or mitigate the consequence of the 
remaining hazard/risk through warning devices, special procedures/capabilities, and/or 
training. This proven approach to risk reduction has been applied to potential hazards 
and risks in all critical areas of the Space Shuttle and has guided us through the technical 
challenges, failures, and successes present in return to flight endeavors. This approach 
provides the structured deliberation process required to verify and form the foundation 
for accepting any residual risk across the entire Space Shuttle Program by NASA 
leadership. 
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Reassembling the pieces 



Why Columbia recovery succeeded 
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Return to Flight 
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Reusable Solid Rocket Motor 















Severs.! signiiicant redesign initiatives have already been identified and prioritized. 







RCC nondestructive evaluation and TPS repair 



to be practicable for remaining 
Shuttle flights. 



SRB bolt catcher 
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redesigned to eliminate erratic 
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